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Abstract

The research work evaluated the yields of fresh pods and vegetativeness of okra (Abelmoschus esculentus L.) leaves
when they were naturally subjected to different environmental parameters at two different years. The okra crops were
planted two times, in the rainy season of 2019 and in 2020 between May and August. Temperature and humidity values
were taken at 10.00 h and 14.00 h daily from School meteorological unit. Temperature-Humidity-Index (THI) values
were computed. Yield parameters namely plants’ heights, Leaf Area Index (LAI), number of leaves, stem girth,
cumulative yields of leaves and okra fresh pods were measured. Results show that okra planted in 2019 gave the
highest vegetative yield via LAl (398.50 m?) and number of leaves (16.50) in 2019, the values in 2019 have increase of
9.57% and 8.91% respectively over their corresponding values in year 2020. Also, the THI directly affects the growth
rates, yield components and average cumulative yields of fresh okra pods at the significant difference (P< 0.05).Years
of planting and season of planting, temperature and humidity of the environment affect the yield and yield components

of okra and the project is feasible in economic sense.
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INTRODUCTION

Okra (Abelmoschus esculentus L.) is a crop
that can be planted as leafy vegetable as well
as fruit vegetable, because its leaves and fruits
are eaten raw or cooked. It has high nutritious
fresh leaves and fresh fruits which can help to
normalize sucrose and assist to control the rate
at which sucrose is stored in both animals’ and
human bodies [15]. Okra is planted in different
parts of the world, Africa, America, Asia and
Europe and they are affected by different
factors like soil types, breeds, environmental
factors among others [15, 7, 9]. Okra’s leaves
and fresh fruits are used among south western
people of Nigeria to make soup- a delicacy of
nutritive values. Okra soup is prepared after
size reduction have been done to the leaves or
the green fresh pods that are usually harvested
when they are just about to be matured. The
reason why harvesting is very timely is

because when they are fully matured, they
become more fibrous and non-delicate and
non-delicious either raw or when cooked.
Otherwise, the pods are left to dry for the seeds
to be planted in the next season. Okra is a good
source of vitamins, minerals, fibres and
antioxidants. It contains sticky, slippery,
‘slimy’, highly viscous juice that people make
use of to thicken sauce [3, 1, 4]. The fresh fruit
pods while eaten raw or cooked drops, and is
slippery or ‘slimy’ mouth feel.

In the face of current global climate change,
there is a need for improving on better
production techniques toward increment in the
yield of the okra; to further improve its overall
yields in vegetativeness and fresh pods,
especially now that the world is facing global
warming, some other improvements in
growing of crops are needed. These may be in
the form of climatic modifications/integration
at the crop surfaces. Or it may be strategical
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planting of different kinds of crops according
to seasons because seasons have been found to
affect some yields of certain crops [16].
Although okra have been researched into by
some previous works [15, 3, 6], the study of
temperature and humidity on the plant still
have to be researched into [6, 17, 8]. Because
of the importance of okra to man and its multi-
purpose uses, it has therefore become
necessary to study okra production under
different planting conditions with the intension
to boost food supply.

The goal of this research was to evaluate the
vegetativeness of leafy okra and the fresh
pods’ yield when they are exposed naturally to
different temperatures and humidities at two
different years.

MATERIALS AND METHODS

The field experiment was conducted at the
Teaching and Research Farms of the College
of Agricultural Production Management and
Renewable Natural Resources, Osun State
University, (7.8717; 43067) Ejigbo campus in
2019 and 2020. The vegetation and weather,
just like in south west Nigeria where Osun
State is situated, is rain forest type with two
peaks of rain which is between 1,158 mm-
1,250 mm per annum. The temperature is high
all the year round with range between 28°C-
33°C, range of relative humidity is 65-
85%.The okra seeds were planted two times, in
each of the rainy season between May and
August -a period of about 120 days each in
2019 and in 2020 years. The variety of okra
used was finger nail okra as it is popularly
known in South Western Nigerian States. The
conventional rate of 10 tons/ha of poultry
manure was supplied to the plots4 weeks
before the seeds were planted. The number of
the weeks allowed all the soil to have mixed up
thoroughly with the poultry manure to be able
to be absorbed as nutrients for the crops.
Temperature and humidity values were taken
at 10.00h and 14.00h daily from School
meteorological unit. Temperature-Humidity-
Index (THI) values were evaluated using the
following expression:
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RH

THI = tgo-[0.31(1- 100 )(t45-14.4)] in °C [10]
where:

THI = Temperature-Humidity Index

tan= dry bulb temperature, °C

RH = relative humidity, %

The computed THI values were the results
from combination of temperature and humidity
as a degree of measure of comfort/discomfort
experience by animals and by extension, by
crops when computed from temperature and
humidity values using THI equation [10]. Also,
measured were plant height, number of leaves,
number of branches, stem girth. Other
parameters measured were plant heights using
metre rule, number of leaves, and number of
branches by direct counting of their number.
Stem girth was also measured using vernier
callipers. Besides, measured also were vein
lengths using metre rule and leaf area index
using portable leaf area metre, LI-COR LI-
3000C, made in USA. The okra fresh fruits
were harvested at 4 full days intervals (96 hrs)
in compliance with the tradition in the area of
the experiment. The leafy and fruit yields of
okra were measured using standardized
weighing scale(digital balance (Camry 50 kg
weighing scale, model CA277HL, made in
Nigeria).

The leaves’ weights were measured only when
they were about just to drop off from the plant.
This period was closely monitored per leaf per
plant to remove them for weighing before they
turned into yellowish colour on the plant.

Mean cumulative weights of okra fruits and
leaves were found at the end of the experiment
for each of the years. There was a plot of land
cultivated near the research plot which was
planted normally with okra to serve as a
control experiment.

It also has rate of 10 tons/ha of poultry manure
supplied to it 4 weeks before the seeds were
planted.

The farm plots used for both years were not on
the same plot of land, adjacent lands were used
to reduce interference. All the characters were
subjected to descriptive statistics and one-way
ANOVA.

RESULTS AND DISCUSSIONS
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There were increments in number of leaves of
okra during the first three weeks of growth
especially in 2020. The increase in the number
of leaves of okra during these earliest weeks
could be as a result of foliage development,
Figures 1 and 2, it could also be from some
other factors, like the THI, a product from
combined evaluation of temperature and
humidity values. Because increase in
vegetativeness of leafy okra will start from the
development of foliage, and since these
foliage’s development happened as at when
due (first two weeks after planting), it could be
surmised that their ease of formation could be
as a result of many factors. Some of these
factors could be from the soil; changes in
environmental parameters; breed of okra in use
and the availability of nutrients in the soil just
like it affects other green crops [5, 11]. More
leaves were formed in the third week through
to eighth week and especially in 2019 during
which the number of leaves were continuously
on the increase per plant, Figure 1.

For both years, there were statistical
differences (P< 0.05)in the mean values,
implying significant differences among some
yield components of okra namely plants’
heights, leaf area index and stem girth.
However, it was not statistically/significantly
different for the number of leaves as revealed
in Table 1. This can be surmised to mean that
the performances of okra were different for
both years. This could be as a result of
differences in the environmental parameters
with temperatures and humidity values that
were different in both periods, even though
both seasons were rainy season.

There were variations in the temperature and
humidity  values  collected from the
experimental field spot in both years. Even
though there were variations, but there were no
statistical differences (P< 0.05) among the THI
values in both years. But variations were
enough to have the computed temperature-
humidity index, THI values as shown in Table
2 to reveal non-uniformity at different stages of
the growth in the weeks. The THI values were
between the range 29.70 and 34.40°C in 2019,
this range was higher than what was obtained
in 2020, notwithstanding all these are within

the comfort zone for both animals and crops in
the tropics and therefore suitable for the okra
[11].

Also, each of the corresponding weekly THI
mean values were more in 2020 than in 2019
except in week 2. This implies that 2020 was
warmer than 2019, this may explain why all
the growth and yield parameters in 2020 were
less than their corresponding values in 2019.
Implication could be that okra will not grow
vegetatively well in higher temperature and
low humidity climatic conditions.

Although the okra planted were not induced
environmentally, yet THI directly affects their
growth rates and hence leafy vyields and
therefore could have resulted into statistical
differences (P<0.05) among the yield
components of okra and average cumulative
yield of fresh okra pods, Table 1.
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Fig. 1. Average number of leaves of okra at different
weeks in 2019 rainy season
Source: Field work 2019.

Average number of leaves
(2]
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Weeks
Fig. 2. Average number of leaves of okra at different
weeks in 2020 rainy season
Source: Field work 2020.
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Table 1. Mean characteristic performances of okra in 2019 and 2020

Years of | Plant  Height, | Leaf Area Index, | Number of | Stem Girth,cm | Average  Cumulative
planting cm cm? Leaves yield, ton/ha

2019 27.55a+7.13 398.50 a+ 13.12 16.50 a= 2.11 1.75b £ 6.34 13.285a+2.34

2020 21.00b+2.12 363.69b+12.12 15.15a+2.00 | 2.04a+12.10 12.980b+2.22

Control 19.00 +£2.12 313.52+12.12 14.75+2.00 2.00+£12.10 11.882+4.12

b= means on the same column with different letters are significantly different. (P< 0.05).
Source: Field work 2019-2020.

Table 2. THI mean values at different weeks in 2019 and

2020
Weeks THI
2019 2020

1 34.40a+2.11 35.28a+ 0.62
2 33.52a+ 1.10 33.15a+2.12
3 32.17a+2.02 32.85a+ 1.11
4 29.70ab+ 1.12 30.92ab+ 1.20
5 31.30ab +£2.23 31.75ab+2.10
6 30.90ab=+ 0.42 31.79ab+2.01
7 31.12ab+2.22 31.33ab+ 1.10

ab= means on the same column with different letters are
significantly different. (P< 0.05).
Source: Field work 2019-2020.

As a result of the variations in the temperatures
and humidities and the THI values, as shown in
Table 2 which were moderate and were within
the ranges that will allow okra to perform well,
okra planted in 2019 gave the highest
vegetative stance, Table 1. Also, the Leaf Area
Index = 398.50, and number of leaves = 16.50
in 2019, the values in 2019 are respectively
9.57% and 8.91% increase over the 2020 year.
These high vegetative stances could have
evidenced in the yields during the days of
harvesting which were increasing like sigmoid
curves up to the maximum (1,980 kg and 1,800
kg for 2019 and 2020 years respectively),
Figure 3.

There were periods of increment from one
harvesting to the next for the initial 37 days
and thereafter, the diminishing returns set in
for the harvesting for the next 40 days after the
peak harvest in the 37th day. This was a
normal feature of okra farm like other
agricultural produce as it shows that an
optimum level of output has been attained
between the 37 and 41 days when the
harvesting have started. The lower R square
values depicted in both years could only mean
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that the dependent variable x (days of
harvesting) is favourably explained by
independent variable y (yield in tons/ha) in a
regression model, that is 70 or 71% of the
observed variations in the yield components
and cumulative yield of the fresh pods of okra
can be explained by the model inputs.

This high vegetativeness recorded could also
have resulted into the high cumulative yield of
13.285 and 12.980 tons/ha for 2019 and 2020
years respectively Table 1.

These yields of okra fresh pods got were higher
than the highest okra fresh pod yields of 7.36
and 7.43 tons/ha obtained in the earlier
experiment by [2] in the south eastern part of
the same country and were higher than 4.9
tons/ha okra fresh pod harvested yield recorded
by [6] in the Northern part of the country.
These differences could be as a result of soil
differences, management and handling (the
poultry manure used for the soil could have
increased the yield).

The lesser development of vegetative
characters in 2020 could have happened
because other factor like wind effects could
also have affected the yield [12, 13]. This
could be so because the precipitations within
each of the three months in both years were
almost the same and the soil where the crops
were experimented upon were almost the same
from earlier experiment [14].

Again, due to the low values of the THI in
2019, the crops could be adjudged to be
comfortable at those temperatures, humidities
and there were no evidence of lodging of okra
plant nor torn leaves [17]. Therefore, the okra
could be adjudged to have been better in 2019
than in 2020 as evident in the LAI and number
of leaves, both parameters signify the increased
vegetative yield and fruit yields of the okra.
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Fig. 3. Average yield of fresh okra pods at 4-days of harvesting interval showing the peak yields at 2019 and 2020
where: the yield in tons/ha is y and the days of harvesting is X, then,

y=-0.0052x° - 0.431x? + 63.957x - 316.22, R? = 70% for year 2019; and,

y=-0.0045x3 - 0.4507x2 + 62.02x — 302, R? = 71% for year 2020

Source: Fieldwork 2019-2020.

Economic feasibility of the fresh okra pods

The costs were estimated to be 862,000
($1,149.33; Assuming 1$ = N750.00) needed
for okra farming in the area. This was for both
years, as inflation was not set in because of the
stability in the supply of premium fuel in the

country during the periods (fuel crisis always
induce inflation in Nigeria).

The cost of harvesting is always minimal since
the market women will always come to the
farm to harvest fresh okra pods themselves and
weigh themin the farm for monetary cost to be

paid to the farmers (Table 3).
Table 3. Table of analysis of cost(®) incurred, sales made and feasibility

S/ | Items Cost incurred | Sales (¥) in | Sales (¥) in | Profit (N) | Profit (N)
N (633 2019 2020 in 2019 in 2020
1 | Costs of renting a hectare of | 15,000

land for 4 months
2 | Land clearing 20,000
3 | Procurement of seeds and | 50,000

chemicals and spraying
4 | Cost of ploughing twice 25,000
5 | Transporting poultry manure | 520,000

and spreading
6 | Seed planting 32,000
7 | Weeding 110,000
8 | Transportation during | 32,000

Harvesting
9 | Cost of marketing 18,000
10 | Miscellaneous 40,000

Total 862,000

($1,149.33)
Sales in the years Not Applicable | 1,328,500 1,298,000
($1,771) ($1,731)
Profit for each year 466,500 436,000
($622) ($581.33)

Source: Farm works 2020.
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The cost price per okra fluctuates, but at the
time of the experiment, the cost per 1 kg was
N100 ($0.13). this translated to N1,328,500
($1,771) in 2019 and ¥1,298,000 ($1,731) in
2020.

Profits after were N466,500 ($622) in 2019
and N436,000 ($581.33) in 2020, Table 3.

The experiment was feasible because, there
were profits of 54.12% and 50.58% of the total
cost incurred on the project in 2019 and 2020
respectively.

Besides, there are no any other costs that
would be necessary during the cultivation,
harvesting and sales by the farmers or the
middle women (some of them are women-in-
agriculture).

CONCLUSIONS

THI directly affects growth rates of okra and
hence their leafy and fresh pods yields. The
years of planting and season also resulted into
statistical ~ differences among the vyield
components of okra showing that seasons
affect the yield parameters of okra and
therefore its vegetativeness and cumulative
yield of fresh okra pods. The project is feasible
economically in the area.
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